10/ 565 8 £3 
JAP5 Rec'd PCT/PTO 25 JAN 2Qffl£ 



LITHIUM ION SECONDARY BATTERY 
Technical Field 

The present invention relates to a lithium ion secondary battery, in 
particular to a high output lithium ion secondary battery. 

Background Art 

Heretofore, various rechargeable secondary batteries have been 
proposed as power sources for small and high portable electronic appliances. 
Among them, since a lithium ion secondary battery has high battery voltage, 
high energy density, and a little self-discharge, and excels in cycle 
characteristics, it is most promising as a small and light battery. 

Recently, the application of a lithium ion secondary battery is expected 
as a power source for electric vehicles and hybrid vehicles substituting motor 
vehicles that use internal combustion engines, which cause air pollution and 
global warming. Furthermore, the studies for applications to space 
development, such as an artificial satellite, and to electric power storage have 
been started. For such a use to large equipment, a lithium ion secondary 
battery having further high output and long life is required. 

As a material for the positive electrode in a lithium ion secondary battery, 
a composite oxide between lithium and a transition metal element has been 
proposed, and lithium cobaltate is mainly used. However, since cobalt itself is 
a rare metal and expensive, inexpensive lithium manganate is expected for the 
use in large equipment. Although a material for the negative electrode is 



basically lithium metal, from the viewpoint of the problem of electrode 
dissolution due to repeated charge and discharge, a lithium alloy or a material 
that can store lithium, especially a carbonaceous material if mainly used. 
These materials for positive and negative electrodes are normally ground and 
5 classified into powder having a suitable particle size, and then mixed with a 

conductive material and a binder to a mix. The mix is subjected to steps, such 
as applying to a current collector, drying, rolling, compressing, and cutting, to 
fabricate electrodes. 

There have been many proposals for improving energy density, output 

10 density, cycle characteristics or the like, which are important characteristics in a 
lithium ion secondary battery. For example, in Patent Document 1 (Japanese 
Patent Application Laid-Open No. 2000-30745), in order to provide a lithium ion 
secondary battery that can be charged and discharged rapidly, and has high 
breakdown voltage, high capacity, high energy density and high charge- 

15 discharge cycle reliability, the thicknesses of a positive electrode and a 

negative electrode are specified. Specifically, it has been proposed that a 
positive electrode has a thickness of 80 to 250 ^m, while a negative electrode 
is formed to have a thickness of 7 to 60% of the thickness of the positive 
electrode, within a range between 10 and 150 jxm. In general, in order to 

20 improve the energy density of a lithium ion secondary battery, active material 
applying thickness is increased to about 100 fxm, and an active material of a 
large particle size of about 20 jim is used. In Patent Document 1 , the particle 
size of the active material is not described, and alternatively, the use of 
activated carbon having a specific surface area of 800 to 3000 m 2 /g as the 

25 positive electrode, and the use of a carbonaceous material having a face 

distance of the [002] face measured by X-ray diffraction of 0.335 to 0.41 0 nm 
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as the negative electrode are described. 

Whereas, a lithium ion secondary battery of a high output is proposed for 
the use in the power source for hybrid vehicles or the like. In Patent 
Document 2 (Japanese Patent Application Laid-Open No. 1 1 -329409) and 
5 Patent Document 3 (Japanese Patent Application Laid-Open No. 2002- 

151055), in order to provide a lithium ion secondary battery of a high output 
density, the active material applying thickness is specified to be 80 ^m or less, 
and at the same time, the particle size of the active material is specified to be 5 
^m or less. Furthermore, in Patent Document 3, it is described that by 

10 increasing the quantity of the electrolyte solution in the electrode, the capacity 
of lithium ion transportation in the electrolyte solution in the electrode in the film 
thickness direction is increased and the output density is improved, and the 
porosity if preferably 50 to 60%. It is also proposed that by constituting the 
active material layer by two layers having different porosities, the output density 

15 can be improved without impairing the energy density, and specifically, it is 
proposed that the porosity of the active material layer in the current collector 
side is 30 to 50%, and the porosity of the active material layer in the separator 
side is 50 to 60%. On the other hand, when lithium manganate is used as the 
positive electrode active material, Patent Document 4 (Japanese Patent 

20 Application Laid-Open No. 1 1-185821 ) describes that a battery system of a 

high output to meet a large battery can be obtained by making the thickness of 
the positive mix layer four times or less of the thickness of the current collector, 
and making the 50% accumulated particle size 5 to 15 ^m. In order to raise 
the output, there is proposed a method contrary to the purpose of improving 

25 energy density wherein an active material having a small particle size is used, 
and a thin active material layer having a high porosity is formed. 
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In Patent Document 5 (Japanese Patent Application Laid-Open No. 11- 
297354), it is described that in a non-aqueous electrolyte solution secondary 
battery using a positive electrode that contains an oxide of manganese or a 
composite oxide of lithium and manganese, and a negative electrode 
5 containing lithium metal, lithium ally or a material that can dope and dedope 

lithium as composing elements, if a non-aqueous electrolyte solution containing 
20% by volume to 30% by volume of ethylene carbonate as the non-aqueous 
electrolyte solution, wherein at least LiBF 4 is dissolved in a concentration of 2.0 
mol/l to 5.0 mol/l, a problem of significant deterioration of conservative 

10 characteristics and cycle characteristics at high temperatures is solved. 

A positive electrode and a negative electrode, which are formed by 
applying an electrode active material onto a current collector, constitute a 
battery element by stacking through a separator composed of a porous film, 
such as polyolefin-based porous film or the like. The battery element is 

15 wound, and after inserting an insulation plate on the bottom of a cylindrical 
packaging can, the wound battery element is inserted, a negative electrode 
lead terminal is welded to the bottom of the packaging can, a positive electrode 
lead terminal is welded to a positive electrode cap, thereafter, the electrolyte 
solution is charged therein, and finally, the positive electrode cap is sealed to 

20 the packaging can to complete a product. In the case of a rectangular battery, 
a battery element wound in an elliptic shape is inserted into a rectangular 
packaging can. However, when the packaging can is a cylindrical packaging 
can, since an aluminum can is used without using nickel-plated iron or stainless 
steal to reduce the weight, normal welding methods cannot be applied, but 

25 laser welding is performed. 

Since a large battery such as used in the power source of electric 
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vehicles or hybrid vehicles is often used under large-current discharge, 
effective heat dissipation treatment of heat generated by the internal resistance 
of the battery is an important problem. Normally, since a required current 
quantity cannot be obtained by a unit cell, a plurality of unit cells is combined in 
5 series to be used as assembled cells. When such a unit cell or assembled 
cells are mounted onto an electric vehicle or a hybrid vehicle, a support 
member having an external cooling means is used considering heat dissipation. 

Although heat on the battery surface can be removed using the external 
cooling means, since the design of a large battery is the extension of the 

10 design of a small battery, and wound battery element is inserted in a cylindrical 
or rectangular packaging can to constitute a battery, heat is easily accumulated 
in the battery due to Joule heat by the internal resistance of the battery in 
charge and discharge, or heat generation due to change in entropy caused by 
entering and going out of lithium ions into and from the active material, and 

15 temperature difference between inside and surface of the battery causing 
variation in the internal resistance, and as a result, the fluctuation of charge 
quantity and voltage occurs easily. 

Whereas, as a method for improving heat dissipation of the battery itself, 
for example, in Patent Document 6 (Japanese Patent Application Laid-Open 

20 No. 1 1-144771), a method wherein a sheet-shaped or needle-shaped heatsink 
is wound together with positive and negative electrodes and a separator to 
transfer heat in the battery to the battery case through the heatsink. The 
Patent Document also proposes the use of a positive current collector wider 
than a negative current collector as a heatsink. A proposal to change the 

25 shape of the current collector to improve heat dissipation is described in Patent 
Document 7 (Japanese Patent Application Laid-Open No. 2000-277087). In 
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this Patent Document, a structure of an electrode plate wherein the thickness of 
the current collector is locally thickened, and heat generated in the battery is 
effectively allowed to escape in a direction parallel to the laminate surface 
using the thickened part is proposed. 
5 In Patent Document 8 (WO99/60652), a non-aqueous secondary battery 

that excels in heat dissipation characteristics by flattening the shape of the 
battery case, having an energy capacity of 30 Wh or more, and a volume 
energy density of 1 80 Wh/I is disclosed. In the Patent Document, it is 
described that the temperature of the battery surface in a large-capacity 

10 secondary battery little rises by making the thickness less than 12 mm. 

However, about the thickness of the battery in the Patent Document, no critical 
significance is observed in the values. 

However, since most of these proposals relate to a battery using a metal 
battery can, there is limitation in the reduction of weight and thickness. 

15 Although the reduction of the weight and installing volume of assembled cells 
(Battery unit) is important as the power source for electric vehicles and hybrid 
vehicles, it is difficult to say that they can sufficiently deal with this problem. 

In recent years, a battery using a packaging body composed by heat- 
sealing a laminate film wherein a plastic film and a metal film are laminated and 

20 integrated (known as laminate case) is actively studied and developed, and a 
laminate case battery achieving significant reduction of weight and thickness 
has been practically used as a power source for small portable appliances. 
However, if such a laminate case is simply applied to a secondary battery for 
the purpose of high output and high capacity, various problems arise. 

25 As a lithium ion secondary battery using a laminate case, a polymer 

electrolyte secondary battery wherein the liquid organic electrolyte in an 



6 



ordinary lithium ion secondary battery is substituted by various polymer 
materials has been developed. In order to achieve high capacity and high 
output, for example, as shown in Patent Document 9 (Japanese Patent 
Application Laid-Open No. 9-259859), a plurality of unit cells having a polymer 
5 electrolyte are combined in series, in parallel, or in series-parallel to use as 
assembled cells. In the Patent Document, there is disclosed assembled cells 
wherein a pair of recessed part is formed on the peripheral edges of a sheet- 
shaped thin battery from which positive electrode terminals and negative 
electrode terminals separated from each other are led out of the peripheral 

10 edge part, and both terminals are led in the recessed part to secure a relatively 
large battery element part; and by leading each terminal in the recessed part of 
the peripheral edge, a battery pack facilitating the combination of parallel, 
series, and parallel-series. 

However, when the batteries are used for assembled cells, since a larger 

15 current compared with the case of using as a unit cell, if temperature rise is 

excessively large because heat generation is significant, and temperature rise 
of the entire assembled cells is marked, there is possibility that the life of the 
battery is shortened, or the battery is damaged. In particular, there is a 
problem that the sealed part of the laminate case is easily peeled off due to 

20 heat generation in the terminal part. 

Patent Document 10 (Japanese Patent Application Laid-Open No. 2003- 
17014) discloses that in order to reduce the possibility of meltdown of a lead or 
melting of a packaging case by securing a sufficient allowable current in the 
lead, and to prevent the occurrence of defective or insufficient sealing of the 

25 packaging case, the ratio of the total value X of the widths of leads taken out of 
a side of the packaging case and the length Y of the side, X/Y is 0.4 or less, the 
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length Y of the side is 20 mm or less, and the lead has a sectional area that 
can secure an allowable current corresponding to 5 times the discharge 
(charge) current value for discharging (charging) the battery for 1 hour. In this 
example, however, a small battery having a side of 20 mm long or less is 
disclosed, and it cannot be applied to a large battery to take out a large electric 
power. The battery disclosed here also assumes the use of a polymer 
electrolyte. Furthermore, since a small battery is assumed, the security of 
heat dissipation, in particular the security of heat dissipation in the case of 
using as a battery pack is not examined in any way. 

Although a secondary battery using a polymer electrolyte is 
advantageous for manufacturing a small light secondary battery that 
quantitatively discharge a predetermined voltage, in order to use it as a large 
battery, especially as a power source for hybrid vehicles requiring a large 
current in a short time, the mobility of lithium ions is low, and cannot meet the 
requirement. 

[Patent Document 1] Japanese Patent Application Laid-Open No. 2000-30745 
[Patent Document 2] Japanese Patent Application Laid-Open No. 11 -329409 
[Patent Document 3] Japanese Patent Application Laid-Open No. 2002-151055 
[Patent Document 4] Japanese Patent Application Laid-Open No. 11-185821 
[Patent Document 5] Japanese Patent Application Laid-Open No. 1 1-297354 
[Patent Document 6] Japanese Patent Application Laid-Open No. 1 1-144771 
[Patent Document 7] Japanese Patent Application Laid-Open No. 2000-277087 
[Patent Document 8] WO99/60652 

[Patent Document 9] Japanese Patent Application Laid-Open No. 9-259859 
[Patent Document 10] Japanese Patent Application Laid-Open No. 2003-17014 
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Disclosure of the Invention 
Problems to be solved by the Invention 
An object of the present invention is to comprehensively study the 
problems in conventional secondary batteries and to provide a lithium ion 
5 secondary battery from which a high output can be obtained using a laminate 
case useful for weight and thickness reduction and providing the battery with 
improved heatsink properties. 

Means for dissolving the Problems 
As a result of extensive studies to solve the above-described problems, 
10 the present inventors have completed the following present invention. 

That is, the lithium ion secondary battery of the present invention is a 
lithium ion secondary battery comprising a cell element obtained by a 
alternately stacking a plurality of positive electrodes having layers of a positive 
electrode active material formed on both sides of positive current collectors and 
15 a plurality of negative electrodes having layers of a negative electrode active 
material formed on both sides of negative current collectors through separators 
in such a way that the positive electrode active material layers and the negative 
electrode active material layers face, the battery element impregnated with 
liquid electrolyte and held by a laminate case, the lithium ion secondary battery 
20 having having a 1 0-second output value of 3000 W/kg or above at a depth of 
discharge capacity of 50% and 25°C and having the following configuration in 
which: 

(1 ) the positive electrode active material has an average particle size of 3 to 
10 jim and the positive electrode excluding the current collector has a 

25 thickness of 30 to 1 1 0 |nm, 

(2) the negative electrode active material has an average particle size of 5 to 



9 



10 urn and the negative electrode excluding the current collector has a 
thickness of 30 to 100 ^m, and 

(3) a positive electrode terminal and a negative electrode terminal are led 
out to the outer edge part with the terminals separated from each other and the 
5 positive and negative terminals satisfy the formula: 
B/A^0.57 

where A is a width of a region of the active material region perpendicular to the 
direction of current and B is a width of the electrode terminal perpendicular to 
the direction of current. 
10 Effects of the Invention 

According to the present invention, a high output, high capacity lithium 
ion secondary battery can be made light and thin, and a lithium ion secondary 
battery that excels in heatsink properties can be provided. 

15 Brief Description of the Drawings 

Figure 1 is a schematic sectional view for illustrating a battery element of 
the present invention; 

Figure 2 is a conceptual diagram showing an example of the relation 
between an electrode and a lead terminal of the present invention; 
20 Figure 3 is a graph showing the relation between the percentages of the 

terminal width to the electrode leading out width and current passing distance; 

Figure 4 is a conceptual diagram showing another example of the 
relation between an electrode and a lead terminal of the present invention; 
Figure 5 is a conceptual diagram showing a further example of the 
25 relation between an electrode and a lead terminal of the present invention; 

Figure 6 is a schematic diagram showing an example when a lead 
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terminal is used as a heatsink; 

Figure 7 is a schematic diagram showing another example when a lead 
terminal is used as a heatsink; 

Figure 8 is a perspective view before sealing a lithium ion secondary 
5 battery held in a laminate case; and 

Figure 9 is a graph showing capacities (%) at 2.5 A to 75 A in Example 
and each Comparative Example. 

Description of Symbols 
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1 


Positive electrode active material layer 




2 


Negative electrode active material layer 




3 


Positive current collector 




4 


Negative current collector 




5 


Separator 


15 


6 


Positive electrode lead terminal 




7 


Negative electrode lead terminal 




8 


Heat seal part 




11 


Active material region 




12 


Current collecting part 


20 


13 


Lead terminal 




21 


Lead terminal 




211 


Heat seal part 




22 


Electrode 




23 


Laminate case 


25 


31 


Laminate film (cup-shaped case) 




32 


Laminate film (covering material) 
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33 



Electrode group 



331 



Current collecting part 



34 



Lead terminal 



341 



Heat seal part 



Best Mode for Carrying Out the Invention 



The configuration of a lithium ion secondary battery of the present 
invention will be described in detail 

Figure 1 is a schematic sectional view of a battery element for a lithium 
ion secondary battery of the present invention. Positive electrode active 
material layers 1 are formed on both sides of positive current collector 3 to 
constitute a positive electrode, and negative electrode active material layers 2 
are formed on both sides of negative current collector 4 to constitute a negative 
electrode. These positive electrodes and negative electrodes are alternately 
stacked so that separators 5 are interposed to constitute an electrode group. 
No active material layers are applied to a part of each positive and negative 
current collector to constitute a current collecting part; and in Figure 1 , positive 
electrodes and negative electrodes are stacked in such a way that the current 
collecting parts of positive current collectors 3 and the current collecting parts 
of negative current collectors 4 are led out to facing sides. The current 
collecting part of positive current collector 3 is connected to positive electrode 
lead terminal 6, and the current collecting part of negative current collector 4 is 
connected to negative electrode lead terminal 7. In Figure 1 , heat-sealing part 
8 is previously applied to each of the positive and negative electrode lead 
terminals. 

The positive electrode active material of the lithium ion secondary battery 
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of the present invention is not specifically limited as long as it is a lithium-based 
positive electrode active material, generally a composite oxide of lithium and a 
transition metal element, and lithium cobaltate, lithium nickelate, lithium 
manganate, a mixture thereof, or a system wherein one or more different metal 
element is added to these composite oxides can be used. Lithium 
manganate, which can be stably supplied for large batteries, and has a high 
thermal decomposition temperature, is preferable. 

On the other hand, the negative electrode active material is not 
specifically limited as long as it is a negative electrode material that can store 
and discharge lithium ions, and a heretofore known carbon material, such as 
graphite (natural or artificial) and amorphous carbon can be preferably used. 

The positive and negative electrode active materials in the present 
invention must have a predetermined average particle size. If the average 
particle size is excessively large, the thickness of an active material layer for 
achieving high output and high capacity is difficult to achieve; therefore, both 
the positive electrode active material and the negative electrode active material 
must have an average particle size of 10 ^m or less. On the other hand, if the 
average particle size is excessively small, a large quantity of fine powder of 1 
\im or less is contained, the quantity of additives, such as a binder added for 
holding them as an electrode, must be increased, and as a result, the internal 
resistance of active material layers elevates and the active material layers 
generate heat more easily; therefore, a positive electrode active material with 
an average particle size of 3 ^m or more and a negative electrode active 
material having an average particle size of 5 ^m or more are used. 

In each of the positive electrode and positive electrode in the present 
invention, active material layers are formed on both surfaces of a current 
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collector (metal foil). The active material layers are formed so that in the 
positive electrode, the thickness excluding the current collector is 30 (urn or 
more and 110 or less, preferably 100 urn or less; and in the negative 
electrode is 30 (urn or more and 100 ^m or less, preferably 80 \irr\ or less. For 
electrodes disposed on the outermost part of the laminate, since no facing 
electrodes exist outside them, an electrode provided with an active material 
layer only on a surface facing inward can be used. In this case, the thickness 
of the active material layer can be 1/2 the above-described range. 

Here, although the thickness of the current collector is not specifically 
limited as long as the thickness can secure the allowable current value, if it is 
excessively thin, it becomes difficult to sufficiently conduct heat to the terminal 
part; therefore, the thickness of the positive current collector is preferably 20% 
or more of the thickness of the positive electrode active material layer; and the 
thickness of the negative current collector is preferably 10% or more of the 
thickness of the negative electrode active material layer. For the upper limit, 
since the weight of a battery and the entire thickness of the battery increase 
according to the thickness of the current collection, thickening more than 
required is disadvantageous. Normally, when an aluminum foil is used as a 
positive current collector, considering availability, the thickness is 10 fim to 50 
(xm, preferably 15 (nm to 30 (urn; and when a copper foil is used as a negative 
current collector, the thickness is 5 (mm to 50 jxm, preferably 5 jxm to 20 ^m. 

When active material layers are formed on the current collector, each of 
the positive and negative electrode active material is evenly dispersed in a 
suitable binder resin solution to prepare slurry. At this time, various 
carbonaceous conductivity donors, various molding coreagents or the like may 
be added as required. Next, the obtained slurry is applied onto the current 



collector in an even thickness using a coater, dried, and when the active 
material layers are formed on both surfaces, after applying onto another 
surface and drying in the same way, it is compressed under a pressure not 
breaking the shape of the active material to form active material layers having 
5 the above-described thickness. At this time, by forming a stripe-shaped 
uncoated part to which the active material is not applied is formed on the 
current collector, and cutting the uncoated part together, each electrode can be 
obtained. By forming the stripe-shaped uncoated part, an uncoated part 
having the width of the active material layer can be formed, which becomes a 

10 current collecting part used for connecting with a lead terminal in a subsequent 
step. Particularly in the present invention, since the lead terminal described 
below is formed to be wider than conventional lead terminals, it is desirable to 
use the uncoated part of the width of the active material layer as the current 
collecting part as it js. Of course, the formation of the current collecting part of 

15 the width of the active material layer in tab-shaped to meet the width of the lead 
terminal as required is not precluded. 

A plurality of the positive and negative electrodes thus formed can be 
stacked in such a way that separators are interposed and the positive electrode 
active material layers and negative electrode active material layers face one 

20 another, and at this time, they are stacked so that the current collecting part of 
the positive electrode and the current collecting part of the negative electrode 
are led out to the regions separated from each other, for example, they are 
present on the side opposing one another. 

For the separator used here, polyolefins, such as polyethylene and 

25 polypropylene, fluorine-substituted polyolefins, polyacrylonitrile, polyaramid or 
the like, which are normally used in a lithium ion secondary battery, can be 
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used. Although the thickness of the separator is not specifically limited, if it is 
excessively thick, the rate performance becomes insufficient, the volume 
energy density lowers, and the quantity of the electrolyte solution for 
impregnation is relatively increased, causing increase in the weight of the 
battery, and further, heat accumulation in the battery. On the contrary, if it is 
excessively thin, self-discharge occurs easily. Normally, the upper limit is 50 
jxrn or less, preferably 30 ^m or less; and the lower limit is 5 or more, 
preferably 10 [im or more. 

Next, a positive electrode lead terminal and a negative electrode lead 
terminal are connected to the positive and negative current collecting parts of 
the battery element, respectively. The lead terminals in the present invention 
are formed to be wider than conventional lead terminals focusing heat 
dissipation. In Patent Document 10 described above, since two electrodes are 
taken out of one side, the lead terminal of each electrode can be formed to 
have only less than 50% the battery width, and if the distance between the two 
electrodes is narrowed, sealing becomes insufficient; therefore, the total width 
of the lead terminals is 40% or less of the battery width. However, in the 
present invention, since the terminal of only one electrode is taken out of one 
side, the current passing distance is shortened by widening the width, and heat 
generation in the terminal part is suppressed, defective sealing is difficult to 
occur in the structure. The present invention is constituted so that the 
proportion of the width B of a terminal to the width A of an active material layer, 
the B/A value, is 57% or more. 

In Japanese Patent Application No. 2002-26147, the present inventor 
examines the terminal width in detail. In the Application, as Figure 2 shows, 
rectangular electrodes (positive electrode and negative electrode) are 



considered, the width and length of region (active material region) 1 1 to which 
an active material is applied are represented by A and C, respectively. Lead 
terminal 13 is fixed to current collecting part 12, which is an uncoated part of 
the active material of the current collector, and the width of the lead terminal is 
5 represented by B. 

Figure 3 is a graph of the relation between the current passing distance 
in the model of Figure 2 obtained by simulation and B/A. In Figure 3, the 
current passing distance is shown by the ratio when the B/A ratio is 1% and the 
current passing distance is 100%. Since the current passing distance and the 

10 heat value are in substantially proportional relation, the heat value is 

suppressed as the current passing distance is shortened. Here, referring to 
Figure 3, in spite of the ratio of C to A (C/A), the current passing distance is 
shortened when the B/A value is 57% or more. Therefore, when the B/A value 
is 57% or more, the heat value is effectively suppressed. Furthermore, the 

15 shortening of the current passing distance has also the effect to lower the 

internal resistance of a battery. This aspect also distributes to the suppression 
of heat generation from the battery element. 

Since a rectangular electrode is used in the above-described example, 
the width A of the active material region is constant; however, when a current 

20 collector having other shapes is used, there are cases wherein the width of the 
active material region is not constant, and in such cases, the narrowest width 
(supposedly referred to as A 1 ) of the widths in the vertical direction to the 
direction wherein the lead terminal is led out is deemed to be the width of the 
active material region. This is because the current passing distance is 

25 determined depending on the narrowest width of the widths of active material 
region 1 1 . However, if the region having the narrowest width is present in the 
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middle of the current passing path, it is obvious that the width is not so narrow 
as the sectional area of the current collector cannot secure the allowable 
current value. For example, in the electrode shape shown in Figure 4, the 
side opposing the lead terminal connecting part, which is the starting point of 
5 the current passing path, has the narrowest width A'; and the example shown in 
Figure 5 has a structure wherein the middle of the current passing path is 
constricted, and the width of this part is the narrowest width A'. Therefore, 
although there are cases wherein B is larger than A\ the width B of a lead 
terminal is normally not wider than the width of a current collecting part. 

10 When a laminate case is sealed with heat-sealing or the like, sealing is 

performed across the lead terminal; however, it is normally preferable that on 
the lead terminal, the sealing part is subjected to a treatment to improve the 
adhesiveness with the laminate material in order to perform sealing safely. 
For example, in order to strengthen the adhesiveness of the lead terminal 

15 composed of a metal material with the laminate material composed of a 
thermoplastic resin, a known primer treatment is performed, or the 
thermoplastic resin used for the laminate material is previously applied to the 
lead terminal as a sealing material. At this time, by expanding the surface 
area of the part of the lead terminal exposed externally than the surface areas 

20 of the current collector connecting part of the lead terminal and the sealing part, 
the lead terminal can be functioned as a heatsink. For example, as shown in 
Figure 6, the length of lead terminal 21 (direction of the current, direction 
perpendicular to the above-described width) can be constituted so that the 
exposed part is longer; or as shown in Figure 7, the width of the exposed part 

25 can be constituted to be continuously or stepwise widened from the current 
collector connecting part to expand the surface area. In Figures 6 and 7, 
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reference numeral 21 1 denotes a heat-sealing part applied for the purpose of 
improving the adhesiveness with the laminate film, and heat-sealing of the 
laminate film is performed in this part. Reference numeral 22 denotes the 
electrode, 23 denotes the laminate case. 
5 The group of electrodes to which lead terminals are attached is sealed in 

a laminate case. The laminate film used for the laminate case is normally 
composed of three layers of a base material, a metal foil and a sealant. The 
base material constitutes the outside of the laminate case, and a resin that 
excels in chemical resistance and mechanical strength, such as polyester 

10 (PET) and nylon, is used. The intermediate metal foil prevents the invasion of 
gas or moisture, and provides shape keeping properties, and a single metal, 
such as aluminum, iron, copper, nickel, titanium, molybdenum and gold; an 
alloy, such as stainless steal and Hastelloy; or the like can be used. 
Particularly, aluminum, which excels in workability, is preferable. As the 

15 sealant, a thermoplastic resin that enables sealing by heat-sealing, and excels 
in chemical resistance, such as polyethylene (PE), modified polypropylene 
(PP), ionomers, and ethylene-vinyl acetate copolymer, is preferable. The 
thickness of the base material is about 10 to 50 n,m, preferably about 15 to 30 
nm. If the metal foil is excessively thick, workability and light weight, which 

20 are advantage of the laminate case, are lost; and if it is excessively thin, 
processing as a laminate film is difficult, or the prevention of invasion of 
moisture or the like or shape keeping properties are inferior; therefore, the 
metal foil having a thickness of 10 to 50 ^m, preferably 20 to 40 ^m is normally 
used. The sealant in not specifically limited as long as it has a thickness that 

25 enables sufficient sealing using heat-sealing (normally 160 to 180°C for about 5 
seconds), but normally, the thickness is 100 ^irn or less, preferably 80 or 
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less, and in order to strengthen sealing, the thickness is preferably 50 ^m or 
less. However, since the mechanical strength is insufficient if the sealant is 
excessively thin, at least 10 |nm is required. 

In order to constitute a battery using such a laminate film, a method 
5 wherein the laminate film is previously molded into a case shape, or the group 
of electrodes is directly covered with the laminate film for sealing, can be used. 
For example, as shown in Figure 8, group of electrodes 33 wherein above- 
described lead terminal 34 is fixed to current collecting part 331 is placed in 
deep-drawn molded cup-shaped case member 31 . At this time, heat-sealing 

10 part 341 of lead terminal 34 is disposed so as to ride on the flange part of case 
member 31. Laminate film 32, which is a covering material, is overlaid, and a 
part of the flange part of the cup (not the sides for taking out the lead terminal) 
is heat-sealed. Then, the sides for taking out the lead terminals are heat- 
sealed, a predetermined electrolyte solution is injected from a remaining side, 

15 after electrolyte injection, reduced-pressure defoaming is performed, and 
finally, a remaining side is heat-sealed in a reduced pressure state using a 
vacuum sealing machine to obtain a lithium ion secondary battery of the 
present invention. In two sides, which are not the sides for taking out the lead 
terminals, the laminate film can be folded back before heat-sealing. 

20 In the present invention, different from a conventional polymer electrolyte 

battery using a laminate case, a liquid electrolyte is used for achieving high 
output and high capacity. As the liquid electrolyte, a non-aqueous electrolyte 
solution normally used in a lithium ion secondary battery can be used; as the 
solvent, cyclic carbonate esters, straight-chain carbonate esters, cyclic ethers, 

25 straight-chain ethers, cyclic esters, straight-chain esters, and mixed solvents 

thereof can be used; and as the supporting electrolyte, various lithium salts can 
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be used. 

Thus, in the present invention, a lithium ion secondary battery having 
having a 10-second output value of 3000 W/kg or above at a depth of 
discharge capacity of 50% and 25°C can be manufactured. Although the 
5 lithium ion secondary battery of the present invention is a battery having an 

extremely high capacity also as a unit cell, further a plurality of batteries can be 
connected to constitute assembled cells of desired voltage and capacity. For 
example, batteries can be laminated with their positive electrodes in one side 
and negative electrode in the other side to obtain assembled cells of parallel 

10 connection. If positive and negative electrodes are alternately connected, 
assembled cells of serial connection can be obtained. Assembled cells can 
also be constituted by using the combination of parallel connection and serial 
connection, and serial, parallel, or series-parallel assembled cells of a free 
layout utilizing space effectively can be obtained. Since the lithium ion 

15 secondary battery of the present invention has a capacity per unit cell larger 
than the capacity of a conventional lithium ion secondary battery, the 
assembled cells can be constituted using a smaller number of unit cells for 
obtaining predetermined voltage and capacity, and by adopting a laminate 
case, extremely light assembled cells can be produced. 

20 Furthermore, in the present invention, by blowing the cooling air to the 

exposed part of the lead terminal, the effect as a heatsink for the lead terminal 
can be raised. 
Examples 

The present invention will be specifically described below referring to 
25 examples; however, the present invention is not limited to only these examples. 
Example 1 
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Lithium manganate powder having a spinel structure of an average 
particle size of 5 ^m, a carbonaceous conductivity donor, and polyvinylidene 
fluoride were mixed and dispersed in N-methyl-2-pyrrolidone (NMP) in a weight 
ratio of 90:5:5; and agitated to form slurry. The quantity of NMP was adjusted 
so that the slurry had a suitable viscosity. The slurry was applied onto one 
side of an aluminum foil having a thickness of 20 (urn, which became a positive 
current collector, using a doctor blade. On applying, an uncoaied part (the 
part where the current collector was exposed) was made to be slightly formed 
in a stripe shape. Next, it was dried in vacuum at 100°C for 2 hours. In the 
similar way, the slurry was applied onto the other surface, and dried in vacuum. 
At this time, both sides of uncoated parts were made to be aligned. The sheet 
onto both sides of which the active material was applied was roll-pressed. At 
this time, the pressing pressure was adjusted to make the thickness of the 
positive electrode excluding the current collector become 75 microns. The 
pressed sheet was cut including the uncoated part into 18 rectangular (90 mm 
W x 150 mm L) samples. Since the part where the active material was not 
applied was the part to be connected to the lead terminal, it was formed on the 
shorter side. Thus, positive electrodes having a total theoretical capacity of 3 
Ah were prepared. 

On the other hand, amorphous carbon powder having an average 
particle size of 10 \im and polyvinylidene fluoride were mixed and dispersed in 
NMP in a weight ratio of 91 :9; and agitated to form slurry. The quantity of 
NMP was adjusted so that the slurry had a suitable viscosity. The slurry was 
applied onto one side of a copper foil having a thickness of 10 microns, which 
became a positive current collector, using a doctor blade. On applying, an 
uncoated part (the part where the current collector was exposed) was made to 
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be slightly formed in a stripe shape. Next, it was dried in vacuum at 100°C for 
2 hours. At this time, the quantity of the applied active material was adjusted 
so that the ratio of the theoretical capacity per unit area of the negative 
electrode layer to the theoretical capacity per unit area of the positive electrode 
5 layer became 1:1. In the similar way, the slurry was applied onto the other 
surface, and dried in vacuum. The sheet onto both sides of which the active 
material was applied was roll-pressed. At this time, the pressing pressure was 
adjusted to make the thickness of the negative electrode excluding the current 
collector become 70 microns. The pressed sheet including the exposed part 

10 was cut into 18 rectangular samples of horizontal and vertical sizes 2 mm 

larger than the horizontal and vertical sizes of the positive electrode. The part 
where the active material was not applied was the part to be connected to the 
lead terminal. Thus, negative electrodes were prepared. 

The positive electrodes and negative electrodes prepared as described 

15 above were laminated in such a way that rectangular polypropylene separators 
each having a length and width 2 mm larger than the length and width of the 
negative electrode were interposed between them. A negative electrode was 
laminated so as to be on the outermost side of the electrodes, and a separator 
was placed on further outside of the negative electrode (in the order of 

20 separator / negative electrode / separator / positive electrode / separator / / 

negative electrode / separator). The parts where the active material was not 
applied of the positive electrodes were placed in the side opposing the side of 
the parts where the active material was not applied of the negative electrodes 
(so that positive and negative lead terminals had orientations opposite to each 

25 other). After all the layers were laminated, the laminate was fixed with 
adhesive tapes at 4 places so as to prevent interlayer slippage. Next, an 
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aluminum sheet that became a positive electrode lead terminal having a 
thickness of 0.2 mm, a width of 60 mm and a length of 50 mm (the direction of 
the current is "length" direction; B/A = 0.67), and the parts onto which the active 
material was applied of 8 positive electrodes were ultrasonic welded together. 
In the same way, a nickel-plated copper sheet having a thickness of 0.2 mm, a 
width of 60 mm and a length of 50 mm (B/A = 0.65), and the parts onto which 
the active material was applied of 9 negative electrodes were ultrasonic welded 
together. Prior to the above-described welding connection, a resin film 
(hereinafter lead coating resin) consisting of the laminate of electron beam 
cross-linked polypropylene (50 jum) and acid-modified polypropylene (50 ^m, 
melting point: 130°C to 140°C) was previously heat-sealed on both surfaces of 
the part to be sealed by the casing body with the latter facing the lead side of 
the positive electrode lead terminal and negative electrode lead terminal. Its 
size was determined so that it was protruded by 2 mm in both width directions 
of the lead terminals (in the protruded parts, the acid-modified polypropylene 
layers were heat-sealed to each other), and was 12 mm in the length direction 
of the leads. 

On the other hand, as a laminate film for the packaging body, a film 
consisting of a laminate of 25 ^m nylon, 40 \ixr\ soft aluminum and 40 ^m acid- 
modified polypropylene (melting point: 160°C) was prepared. The film was cut 
into a predetermined size, and deep-draw-molded into a cup shape of a size 
that can house the electrode laminate (substantially the same length and width 
of the electrode laminate including the lead connecting part, that is the part 
onto which the active material was not applied). After molding, the film around 
the cup like the brim of a hat was trimmed leaving a side of 1 0 mm width. The 
above-described electrode laminate was placed in thus molded cup-shaped 
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laminate film. The lead terminals were placed on two locations of the brim 
part of the trimmed film. The previously heat-sealed resin film was aligned so 
as to protrude by 1 mm both inside and outside of the battery across the brim 
part. 

5 Next, the above-described laminate film only cut into a predetermined 

size without molding was placed on the cup-shaped part packaging the above- 
described battery element with the sealed surface facing inward so as to cover 
the cup-shaped part. The size of the cover was the size identical to the size 
after molding and trimming, so that they conformed to each other when 
10 overlaid. 

Next, the lead terminal led out above the brim part of the trimmed film 
was sealed with the end (brim part) of the packaging body as follows: A heater 
of a width of 9.5 mm, designed to correspond to the thickness of the lead so 
that a strong pressure is selectively applied to the lead terminal passing part, 

15 and having a dent step was prepared. The length of the dent step was 
identical to the length in the width direction of the lead terminal of the lead 
coating resin for each lead terminal. Using the heater, the part of the lead to 
be sealed was heat-pressed from the outside of the laminate film under 
predetermined temperature, pressure and time conditions. The pressure and 

20 time conditions were constant in all the examples (comparative examples), and 
only the temperature condition was changed. The reason why the time 
condition was constant is to compare the example and comparative examples 
making the tact time constant. When heat pressing was performed, in the 
horizontal position of the heater, the recessed bump of the heater was 

25 accurately aligned to the lead terminal passing part (or lead coating resin), and 
in the vertical position of the heater, the end part of the heater was aligned so 
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as to be 0.5 mm inside of the end part of the film (so that the end part opposite 
to the heater contacts the side of the cup-shaped part of the laminate film). 
Thus, the state wherein the laminate film is heat-sealed at a width of 9.5 to 10 
mm, and lead terminal is also liquid-tightly sealed was produced. The state of 
the outermost layer of the laminate (nylon) at this time was observed, and 
further, the presence of short-circuiting between the aluminum foil in the 
laminate film and the lead terminal was checked. 

Next, one side (hereafter referred to as long side P) of the sides not the 
lead terminal leading out part (hereafter referred to as long side P and long side 
Q) was heat-sealed. 

Next, the electrode laminate was tilted with the long side P facing 
downward, and an electrolyte solution was injected into the electrode laminate 
through the gap of the long side Q, which was the last unsealed part. The 
electrolyte solution was composed of 1 mol/liter of LiPF 6 as a supporting salt, 
and a mixed solvent of propylene carbonate and methyl ethyl carbonate (weight 
ratio: 50:50) as a solvent. After injecting the solution, reduced pressure 
defoaming was performed. Finally, the long side Q was heat-sealed under a 
reduced pressure using a vacuum-sealing machine to complete a laminate 
battery. The capacity was 2.5 Ah. 
Comparative Example 1 

A laminate battery was completed in the same manner as in Example 
except that the thickness of the positive electrode and the negative electrode 
excluding the current collector after roll pressing was 130 microns and 120 
microns, respectively. The capacity was 5 Ah. 
Comparative Example 2 

A positive electrode and a negative electrode were fabricated in the 
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same manner as in Example. By winding the positive electrode and negative 
electrode facing to each other through a separator, roll-shaped wound 
electrodes were obtained. In the wound electrodes, the width of the separator 
is widest, and the widths were narrowed in the order of the negative electrode 
5 and the positive electrode. In the winding terminated part of the wound 
electrodes, that is, the outermost circumference, several sheets of the 
separators are wound, and in the part contacting the packaging can, a negative 
electrode on which no active material was formed was used (specifically, the 
part contacting the packaging can became a negative current collector). 

10 The wound electrodes were inserted into a cylindrical packaging can of a 

diameter of 33 mm and a length of 1000 mm, and the negative electrode 
terminal was connected to the packaging can and the positive electrode was 
connected to the upper lid. The packaging can was composed of nickel-plated 
iron or stainless steal, and takes out a voltage by connecting to the negative 

15 electrode terminal. The upper lid was composed of an insulating plate for 
insulation from the packaging can, and a conductive part for taking out a 
voltage by connecting to the positive electrode terminal. 

The battery assembled as described above was impregnated with an 
electrolyte solution, and the upper lid was caulked with the packaging can to 

20 complete a metal can battery. The capacity was 2.5 Ah. 
Comparative Example 3 

A laminate battery was completed in the same manner as in Example 
except that the width of the lead terminal was 30 mm (B/A = 0.33). The 
capacity was 2.5 Ah. 

25 Using the above-described batteries, the proportion of the capacity to 1 C 

capacity when continuous discharge was performed at 75 A from 4.2 V (full 
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charge) to 2.5 V (full discharge) and the temperature rise of the surface of the 
battery when discharged was checked. The results are shown in the following 
table. 

Current discharge was performed at a depth of discharge capacity of 
50% (discharge was performed by 50% of total capacity), and the voltage drop 
after 10 seconds was measured. From l-V characteristics, the maximum 
current at the discharge lower limit voltage was obtained, and 10-second output 
values were calculated from the following calculating equation: 

Power density (W/kg) = {Voltage (V1) x l max (A)}/Cell weight (g) 

Voltage (V1): 2.5 (V) 



Figure 9 shows capacities (%) at 2.5 A to 75 A. 
[Table 1] 





Capacity 
(%) 


Temperature rise on 
cell surface (°C/min) 


1 0-second output value at 
a depth of discharge 
capacity of 50%, 25°C 
(W/kg) 


Example 


84 


6 


3200 


Comparative 
Example 1 


32 


10 


2700 


Comparative 
Example 2 


77 


16 


2200 


Comparative 
Example 3 


82 


12 


2900 



From the comparison of Example with Comparative Example 1 , it is 
known that the capacity at large current is improved and the dischargeable time 
is elongated when the thickness of an electrode is thinned. It is also known 
that the temperature rise on the surface of a battery is improved when the 
thickness of the electrode is thinned. Furthermore, from the comparison of 
Example with Comparative Example 2, it is known that even in the same 
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thickness, the temperature rise on the surface of a battery of the laminate type 
is smaller. In addition, from the comparison of Example with Comparative 
Example 3, it is known that the temperature rise on the surface of a battery is 
large, and a battery having a high output cannot be obtained when the width of 
5 a terminal is narrower than the specification of the present invention. Since 
the laminate-type battery has a large outer area and a short distance between 
the center and the outer part, its heatsink properties are superior to a cylindrical 
battery. Therefore, in assembled cells wherein a large number of unit cells 
used as an assisting power source of motor vehicles, the distance between 
10 batteries can be reduced to produce a compact system of assembled cells. 
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